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ABSTRACT
THE ACUTE EFFECT OF TWO HIP EXTERNAL ROTATOR STRETCHES ON
RANGE OF MOTION
By
Cody Brian Bremner
Dr. John Mercer, Examination Committee Chair
Associate Professor of Kinesiology
University of Nevada, Las Vegas
The purpose of this study was to evaluate the acute effect of two commonly used
static stretches on hip internal rotation passive range of motion (HIR-PROM).
Participants (n=30, 15 male, 15 female; 22±1.8 yrs.; 173.5±8.5cm; 73.8±12.7 kg) were
randomly assigned (with gender controlled) to one of three groups: control (C), figure 4
stretch (F4), and modified lunge stretch (ML). Pre and post-test HIR-PROM was
measured on each participant’s non-dominant hip (28 left, 2 right). HIR-PROM was
measured from the prone position; the knee was flexed to 90° and the hip was passively
internally rotated. After the pretest, each participant completed a 10 minute warm-up on
a cycle ergometer. Upon completion of the warm-up the two stretching groups (F4, ML)
completed the respective stretching protocol while the control group rested on a table. A
mixed model factorial ANOVA was used to analyze main effects (group, time) and if a
significant interaction occurred. There was no interaction or group main effect (p>0.05),
however, there was a time main effect regardless of group assignment (F1,27=33.151,
p<0.001). There appears to be no enhanced acute effect on HIR-PROM when a F4 or
ML stretch is implemented in addition to a 10 minute warm-up on a stationary bike.
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CHAPTER 1
INTRODUCTION
Although controversial, activities that promote flexibility are often suggested in order
to maintain or increase range of motion (ROM) about a joint (Armstrong et al., 2006;
Roberts & Wilson, 1999; Ryan et al., 2009). This suggestion stems from the correlation
between ROM and flexibility. ROM refers to the amount of mobility a joint has and is
affected by soft-tissue and bony structures; flexibility refers to the ability of a
musculotendinous unit to elongate (Houglum, 2001). The inability of a muscle to change
length, which is referred to as limited muscular flexibility, may cause a joint to become
less mobile, or hypomobile (Houglum, 2001). Within the clinical setting a hypomobile
joint is often referred to as having a “ROM deficit”, therefore, the terms hypomobile and
ROM deficit will be used synonymously.
The identification of ROM deficits is an important component of an orthopedic
assessment due to a variety of injuries that have been associated with ROM deficits
(Mellin, 1988; Moen et al., 2012; Scher et al., 2010; Vad, Bhat, Basrai, & Gebeh, 2004;
Vad, Gebeh, Dines, Altchek, & Norris, 2003; Verrall, Hamilton, Slavotinek, Oakshott, &
Spriggins, 2005; Verrall et al., 2007; Wilk et al., 2011; Williams, 1978). Furthermore,
having an understanding that ROM deficits may be associated with an injury can lead a
clinician to provide a more efficient treatment plan (Harris-Hayes, Sahrmann, & Van
Dillen, 2009).
Although no specific parameter has been acknowledged within the literature as
representing a ROM deficit; hypomobility has been defined as a ROM reduction that is
significantly less than the normal values (norms) associated with the particular joint
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measured for a given age and gender (Norkin & White, 2009). Within the clinical setting
a ROM deficit is identified in a variety of ways. One approach, as previously mentioned,
consists of comparing the patient’s available ROM to pre-determined norms (Clarkson,
2000; Norkin & White, 2009). An alternative approach is a bi-lateral comparison,
meaning the clinician compares the ROM measurement to the contralateral joint’s
measurement (Houglum, 2001; Norkin & White, 2009). Due to an assortment of patient
specific variables (e.g., sport participation, occupational demands, age, gender), clinicians
often use clinical judgment in conjunction with either the bi-lateral or norms comparison
to identify a ROM deficit.
A ROM deficit may occur due to a restriction of the musculotendinous units
surrounding the joint, and/or joint capsule restrictions, and/or inflammation within the
joint or surrounding structures (Norkin & White, 2009; Prentice, 2011). When a ROM
deficit is thought to be caused by a musculotendinous restriction, stretching is a common
treatment used by clinicians in an effort to restore joint ROM (Prentice, 2011). In
particular, static stretching is commonly used within the clinical setting to improve ROM
(Kisner & Colby, 2007; Madding, Wong, Hallum, & Medeiros, 1987; Prentice, 2011;
Roberts & Wilson, 1999). Static stretching is performed by passively stretching (self or
assisted) a muscle or muscle group to the point of discomfort and holding the position for
a period of time (Kisner & Colby, 2007; Prentice, 2011).
A substantial amount of research has been done addressing the effects of static
stretching on ROM (Bacurau et al., 2009; Cronin, Nash, & Whatman, 2008; de Weijer,
Gorniak, & Shamus, 2003; Depino, Webright, & Arnold, 2000; Harvey, Herbert, &
Crosbie, 2002; Laudner, Sipes, & Wilson, 2008; Whatman, Knappstein, & Hume, 2006).
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A large portion of the static stretching research is focused on the effects of hamstring
stretching on knee ROM (Bacurau et al., 2009; Bandy & Irion, 1994; Bandy, Irion, &
Briggler, 1997; Boyce & Brosky, 2008; Cronin et al., 2008; de Weijer et al., 2003;
Decoster, Cleland, Altieri, & Russell, 2005; Depino et al., 2000; Whatman et al., 2006).
A smaller portion of stretching articles evaluate the effects of stretching shoulder external
rotators, hip flexors, hip adductors, and plantar flexors (Laudner et al., 2008; Madding et
al., 1987; Radford, Burns, Buchbinder, Landorf, & Cook, 2006; Zakas, 2005; Zakas,
Panagiota, Grammatikopoulou, Zakas, & Vergou, 2005). Despite the wealth of research
in this area, a gap exists. A variety of stretches are currently implemented clinically to
improve ROM; however, some have not been evaluated for efficacy. For example, there
is little to no work addressing the use of hip external rotator stretches to improve hip
internal rotation (HIR) ROM. Consequently, clinicians assume ROM improvements do
in fact occur via these stretches. The use of assumptions is contrary to the evidenced
based medicine model as each joint has unique functions and structures.
The hip joint has three degrees of motion and is one of two ball-and-socket joints in
the human body. Muscles acting on a joint with three degrees of motion do not always
maintain the same function as joint position changes (Kapandji, 1987). For example, the
piriformis muscle is considered to be a hip external rotator (Biel, 2010; Keskula &
Tamburello, 1992). However, the piriformis’ function changes in relation to hip
positioning. When the hip is extended the piriformis serves as an external rotator, but
when the hip is flexed it serves as a hip internal rotator and abductor (Byrd, 2005;
Kapandji, 1987; Steindler, 1955). Thus, it is plausible that the effectiveness of hip
external rotator stretches is altered by hip positioning during the stretch.
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Novel research evaluating clinically utilized stretches and their effect on HIR ROM is
needed. It would be particularly valuable for clinicians in the prevention and treatment of
hip internal rotation deficits (HIRD); which may pre-dispose an individual to a variety of
athletic injuries, including: medial tibial stress syndrome, low back pain, groin injuries,
and shoulder injuries (Mellin, 1988; Moen et al., 2012; Scher et al., 2010; Vad et al.,
2004; Vad et al., 2003; Verrall et al., 2005; Verrall et al., 2007). Although no empirical
evidence suggests that participation in a stretching program prevents injuries associated
with HIRD, stretching is often suggested as a prevention/intervention strategy (Robb et
al., 2010; Vad et al., 2003; VanDillen, Bloom, Gombatto, & Susco, 2008; Verrall et al.,
2005; Williams, 1978). Evaluating the efficacy of hip external rotator stretches may
allow clinicians to make an evidence based choice rather than an assumption based
choice as they attempt to improve HIR ROM. Therefore, it is the purpose of this study to
evaluate the acute effect of two commonly used static stretches (“modified lunge” and
“figure 4”) on HIR-PROM.
The two stretches were chosen because they are commonly used within the clinical
setting, and are both utilized to stretch muscles/muscle groups that are considered to be
hip external rotators. It should be noted that the modified lunge is commonly used as a
hip flexor stretch rather than a hip external rotator stretch. However, the Ilipsoas (hip
flexor) has been identified as an external rotator (Biel, 2010). In addition, a stretch not
traditionally used for improving a specific ROM may have the ability to improve the
ROM more efficiently than traditionally used stretches (Moore, Laudner, McLoda, &
Shaffer, 2011).
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Definitions
Hip internal rotation (HIR): movement occurring at the hip joint that causes the
anterior aspect of the thigh to rotate medially. When in a position with the knee flexed
(short sitting, prone etc.) the lower leg rotates outwardly (Starkey, Brown, & Ryan,
2010).
Hip internal rotation deficit (HIRD): a loss or decrease in hip internal rotation range
of motion. The loss may be identified via a comparison to the contralateral hip, or
deviation from the normal ROM (Clarkson, 2000; Norkin & White, 2009).
Range of motion (ROM): refers to the amount of mobility a joint has and is affected
by soft-tissue and bony structures (Houglum, 2001).
Passive range of motion (PROM): non contractile tissues are relaxed (no muscular
activation) and the clinician passively moves the limb through the desired movement
until the patient expresses pain or tissue resistance is felt (Norkin & White, 2009;
Prentice, 2011).
Active range of motion (AROM): the individual contracts their muscles as they move
their limb through the desired movement (Prentice, 2011). The individual is unassisted
throughout the movement (Norkin & White, 2009).
Hip internal rotation passive range of motion (HIR-PROM): The amount of hip
internal rotation measured in degrees. An investigator or clinician applies sufficient force
to move an individual’s hip into internal rotation with no movement being caused by the
participant. The end of HIR-PROM is defined as once the investigator feels resistance or
the subject expresses discomfort.
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Flexibility: the ability of a musculotendinous unit to elongate. The inability of a
muscle to change length, referred to as limited muscular flexibility, can cause a deficit in
joint ROM (Houglum, 2001).
Static Stretch: Static stretching consists of passively stretching a muscle to the point
of discomfort and holding the position for a period of time (Prentice, 2011).

6

CHAPTER 2
LITERATURE REVIEW
The purpose of this chapter is to provide the reader with background information
regarding: basic functional anatomy of the hip, why stretching to improve hip internal
rotation (HIR) is clinically relevant, stretching of antagonist muscles, what is already
known about the acute effects of stretching, recommended stretch duration and repetition
frequency, and the reliability of the proposed measurement technique.
Functional Anatomy of the Hip
The hip joint, also known as the coxal joint, refers to the articulation between the
femoral head and the acetabulum. The femoral head connects to the femoral shaft via the
femoral neck, and slopes at an angle in the frontal plane. The acetabulum is formed by
all three bones of the pelvis (Ilium, Ischium, and Pubis); it is a depression on the lateral
portion of the pelvis that is directed in a downward and outward fashion. The femoral
head sits within the acetabulum and is stabilized via the joint capsule and 3 main
ligaments (Iliofemoral, Ischiofemoral, and Pubofemoral). The hip is considered to be a
ball-and-socket joint with three degrees of freedom. The motions that occur at the hip
are: abduction/adduction, flexion/extension, and internal/external rotation (Biel, 2010;
Starkey et al., 2010).
Of special interest for this study is rotation about the hip, in particular hip HIR. Hip
rotation includes internal and external rotation; which can be measured from the seated,
supine, or prone positions (Bierma-Zeinstra et al., 1998; Norkin & White, 2009). The
pre-established hip internal/external rotation ROM norms differ among texts (Norkin &
White, 2009). For the purposes of this study, HIR ROM norms are defined as 45° and
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external rotation ROM norms are defined as ranging from 45°-50° (Prentice, 2011;
Starkey et al., 2010). Thus, the total rotational arc (internal ROM +external ROM) will
be defined as 90°-95°.
Also, of significance are the 12 hip external rotators (please see Table 1 for a
complete list); six of which are located in the posterior pelvis deep to the gluteus
maximums (Smith, Weiss, & Lehmkuhl, 1996).
The ligament primarily responsible for limiting HIR is the Ischiofemoral ligament,
which begins on the posterior acetabular rim and inserts on the inner surface of the
greater trochanter (Kapandji, 1987; Smith et al., 1996). As the hip internally rotates, the
Iliofemoral and Pubofemoral ligaments become lax and the Ischiofemoral ligament
becomes taut (Kapandji, 1987).

Table 1. Hip External Rotators
Presented here are all of the hip external rotator muscles.
(note; chart adapted from Biel, 2010)
Muscle
Gluteus maximus (all fibers)
Piriformis
Quadratus femoris
Obturator internus
Obturator externus
Gemellus superior
Gemellus inferior
Gluteus minimus (posterior fibers)
Psoas major
Illiacus
Sartorius
Biceps femoris (assists)
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Why Should We Study Stretching to Improve Hip Internal Rotation?
It is postulated that various sporting activities and simple activities such as walking
require the ability to internally rotate the hip (Williams, 1978). HIR ROM, also known as
hip medial rotation, may become limited or decreased overtime because the muscle has
shortened. Athletes may experience recurring microtrauma to their muscles while
training and competing; microtrauma to muscles may cause them to shorten which can
lead to a ROM deficit (Vad et al., 2003).
The loss of HIR ROM, or hip internal rotation deficits (HIRD), has been associated
with various injuries. Evidence of HIRD and its association with injury has been in
publication as early as the late 1970’s (e.g. Williams, 1978). While researching 12
athletes suffering from osteitis pubis, it was noted that the subjects’ HIR was consistently
limited, whereas the other hip joint motions did not appear to be as affected. The
researchers hypothesized that HIRD may cause a shearing force trauma applied to the
pelvis which leads to damage of the pubic symphysis (Williams, 1978).
HIRD may also be correlated with low back pain. For instance, one study evaluated
the correlation of hip mobility and low back pain in over 400 participants who reported
suffering from low back pain for at least 2years. Significant negative correlations were
reported in both the male and female participants when looking at the correlation between
HIR ROM and the degree of reported low back pain (Mellin, 1988). These findings
suggest that as the amount of HIR ROM decreases the degree of low back pain increases.
Other researchers have reported similar observations. For example, Vad et al. (2003)
evaluated the relationship between HIRD and low back pain in 100 professional tennis
players. The participants were asked if their tennis performance had been limited due to
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low back pain for longer than 2 weeks. The subjects were then divided into two groups
(symptomatic and asymptomatic); 40% of the participants reported low back pain that
limited their performance. Standard HIR ROM measures were taken of both hips (lead
hip and non-lead hip). The examiners evaluated the ROM difference between the lead hip
and non-lead hip. The group of symptomatic subjects demonstrated a mean HIRD of
7.6° in the lead hip compared to only a 3.2° in the lead hip of the asymptomatic group.
The difference between the groups was considered significant (p<0.05) (Vad et al., 2003).
A similar association between HIRD and low back pain has been reported in golfers
(Vad et al., 2004). Back injuries are the most common injuries among professional
golfers and they cause players to miss a significant amount of time from competition
(Gosheger, Liem, Ludwig, Greshake, & Winkelmann, 2003). Vad et al. (2004) evaluated
the association of HIRD and low back pain in 42 PGA golfers; 33% of the golfers
examined presented with a history of LBP that limited golf performance greater than 2
weeks. Lead and non-lead HIR ROM measurements were taken. They found a
significant difference (p<0.05) in lead HIR ROM in comparison to the non-lead hip in the
symptomatic group and no such difference was noted in the lead and non-lead hip of the
asymptomatic group (Vad et al., 2004). These findings allowed researchers to
hypothesize that low back pain may be due to higher forces being passed on to the lumbar
spine due to decreased rotation of the lead hip during a golf swing. They further
speculated that tight hip external rotators could be restricting the HIR ROM. Improving
hip ROM may lead to diminished forces transmitted to the spine, and it was suggested hip
rotator stretches could be one element for the improvement of hip ROM (Vad et al.,
2004).
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In addition to low back pain, groin injuries may also be associated with a decrease in
HIR ROM. Verrall et al. (2005) evaluated HIRD and its association with pubic bone
stress injury. Hip internal and external ROM measurements were taken from 89
Australian rules football players. Participants’ dominant and non-dominant hip ROM
measures were separated into various groups (chronic groin injury, pubic bone stress
injury, past history of groin pain, and asymptomatic). A chronic groin injury was defined
as currently experiencing groin pain with tenderness for at least 6 weeks. Pubic stress
injury was defined as having a chronic groin injury and a positive bone scan showing
marrow oedema of the pubic bone. Of the 89 athletes, 47 presented with a chronic groin
injury, and 37 of those presented with a pubic bone stress injury; 42 presented as
asymptomatic. A significant (p=0.04) decrease in total (non-dominant + dominant) HIR
ROM was noted in the chronic groin injury group in comparison to the asymptomatic
athletes (Verrall et al., 2005). Due to these results it is plausible that improving HIR
ROM should be considered by clinicians during the treatment of a chronic groin injury
(Verrall et al., 2005).
Verrall et al. (2007) later performed a prospective study on 29 male Australian rules
football players in an effort to determine if a restriction of hip joint ROM preceded
sports-related chronic groin pain. Chronic groin pain was defined as having pain for a
minimum of 6 weeks that resulted in missing at least one competition in one or multiple
of the following regions: adductor, lower abdominal or pubic bone. Baseline passive hip
internal and external rotation ROM measures were taken on each athlete’s dominant and
non-dominant side. The study followed the 29 athletes for two consecutive seasons (18
months). Over the 18 month period four of the athletes developed chronic groin pain.
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The authors noted that a decrease in hip rotational ROM was present with the
development of a chronic groin injury (Verrall et al., 2007). Furthermore, a published
supplement article examined hip ROM and its association with groin pain in elite
Australian soccer players (Jowett, Gelis, Schacke, & Collins, 1999). The authors
indicated that HIR ROM was decreased in the limb (i.e. right or left) experiencing groin
pain (Jowett et al., 1999).
A recent research paper evaluated a variety of predisposing factors associated with
medial tibial stress syndrome (MTSS), commonly known as “shin splints” (Moen et al.,
2012). Thirty-five male military recruits participated in the study, 15 were experiencing
symptoms consistent with MTSS (experimental group), and 20 were asymptomatic
(control group). Subjects were placed in the experimental group if they experienced
exercise induced posteromedial tibial pain, posteromedial tibial pain with palpation of at
least five centimeters, and experiencing symptoms for a minimum of 2 weeks.
Demographic and physical examination data were gathered from each subject; a portion
of the physical examination included HIR ROM measurements. Using a multivariate
regression the investigators found that HIRD was significantly associated with MTSS,
and defined HIRD as a risk factor. The investigators postulated that HIRD may influence
running in a manner that causes excess posteromedial tibia loading (Moen et al., 2012).
HIRD may occur throughout the athletic population. To determine descriptive hip
rotation ROM, 248 elite athletes (147 tennis, 101 baseball pitchers) were evaluated
(Ellenbecker et al., 2007) . A digitizing technique was used to determine each athlete’s
bi-lateral internal and external AROM. No statistically significant differences were noted
in hip internal or external ROM between the non-dominant and dominant extremities.
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However, a significant difference (p≤0.005) did exist between the dominant and nondominant total arc (internal + external) ROM in the male and female tennis players. The
number of subjects with a HIRD greater than 10° was also evaluated; with 17% of
professional baseball pitchers, 15% of male tennis players, and 8% of female tennis
players having a HIRD greater than 10° (Ellenbecker et al., 2007).
Although the findings reported by Ellenbecker et al. (2007) do not indicate that a
large numbers of athletes have HIRD, they do indicate that some athletes experience
HIRD (Ellenbecker et al., 2007). This knowledge is important because HIRD may lead
to a decrease in sport performance. For example, Robb et al. (2010) evaluated passive
HIR ROM and pitching biomechanics of 19 professional baseball players. HIR ROM
was measured using a goniometer and the pitching kinematics were evaluated using
digitization of reflective markers placed on the subjects. The non-dominant HIR ROM
was found to be significantly (p<0.001) less in comparison to the dominant hip, and the
total hip rotational arc (internal + external) was positively correlated with ball velocity
(r=.50, p=.04). The authors explained that a decrease in hip rotation leads to closed
positions at the pelvis and foot, ultimately causing the pitcher to throw across the body.
The transfer of kinetic energy from the legs to the arm is limited when pitchers throw
across the body (Robb et al., 2010). The relationship between ball velocity and hip
rotation indicates that a decrease in HIR may lead to a decrease in pitching performance.
Robb et al. (2010) suggested that efforts should be made to regain passive hip rotation
ROM in order to optimize pitching mechanics and ball velocity (Robb et al., 2010).
A decrease in pitching performance may not be the only detriment associated with
HIRD in baseball players. Scher et al. (2010) hypothesized that HIRD of the non-
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dominant hip may put greater demands on the rotator cuff during deceleration of the
shoulder, and ultimately result in posterior shoulder pathology. Their hypothesis was that
sufficient HIR ROM in the non-dominant leg is required during the follow-through phase
of the throwing motion; allowing the lower extremity to better attenuate the energy
generated from the acceleration phase resulting in decreased forces transmitted to the
upper extremity. In order to test the hypothesis they evaluated the HIR ROM of 57
professional baseball players (29 pitcher and 28 position players) and the players
completed a past injury questionnaire. The researchers defined an injury as any issue that
resulted in more than 2 days of nonplay or being placed on the disabled list and
prohibited from throwing. The researchers reported a significantly lower (p=.05) nondominant HIR ROM in position players with a history of shoulder injury in comparison
to position players with no such history (Scher et al., 2010). The findings caused
researchers to suggest that a HIRD of the non-dominant hip may predispose an athlete to
shoulder injuries and indicated non-dominant HIR flexibility be addressed in these
individuals (Scher et al., 2010).
In short, investigators have found that athletic injuries and decreased performance
may be associated with HIRD; multiple investigators have suggested that stretching
programs be implemented as a preventative/intervention strategy for the treatment of
HIRD, but have supplied no suggestions or scientific data as to which stretches to
implement (Ellenbecker et al., 2007; Jowett et al., 1999; Mellin, 1988; Robb et al., 2010;
Scher et al., 2010; Vad et al., 2004; Vad et al., 2003; Verrall et al., 2005; Verrall et al.,
2007; Williams, 1978).
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It should be noted that no empirical evidence exists suggesting that stretching does in
fact prevent injuries associated with HIRD. However, the large amount of research
presented in this section associating HIRD with a variety of negative outcomes (e.g.
injuries, decreased performance) validates the need to further investigate the influence of
stretches on HIR ROM. In addition, excluding the Verrall 2007 paper each of these
papers were retrospective; although highly unlikely, it is plausible that HIRD were
developed due to the pathology rather than causing it. However, whether HIRD causes
the injury or the injury proceeds HIRD is of little difference; the fact remains that HIRD
subsist within the clinical setting and should be treated. Therefore, evaluating the acute
effects of currently used stretching techniques may be a valuable contribution to the
literature.
Static Stretching of Antagonist Muscles to Improve ROM
Stretching the antagonist hip external rotators in an effort to increase HIR ROM has
been proposed as the proper technique to improve HIR ROM (Kisner & Colby, 2007).
Stretching antagonist muscle groups in an effort to improve a ROM is a common
technique used within the clinical setting and by researchers (Cronin et al., 2008; Depino
et al., 2000; Laudner et al., 2008; Whatman et al., 2006).
The suggestion given by Kisner and Colby (2007) was followed in the selection of
two stretches that will be utilized during this study. According to Biel (2010), the
iliopsoas (hip flexor) is considered to act as a hip external rotator in addition to the
posterior musculature (Biel, 2010). Therefore, a common hip flexor stretch (modified
lunge) and a frequently used hip ER stretch (figure 4) were chosen for this study
(Starkey, 2013; Winters et al., 2004).
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What is Known About the Acute Effects of Static Stretching on ROM?
A variety of researchers have previously reported that stretching can have acute
effects on ROM (Bacurau et al., 2009; Cronin et al., 2008; de Weijer et al., 2003; Depino
et al., 2000; Laudner et al., 2008; Whatman et al., 2006). DePino et al. (2000) evaluated
the duration of knee extension ROM gains after an acute bout of hamstring stretching.
Baseline active knee extension measurements were taken on 30 participants who were
identified as having a 20° knee extension deficit, and participants were divided into two
groups (15 stretch, 15 control). Prior to obtaining the baseline measure, participants
performed 5 active knee extensions. The stretch group performed 4 bouts of a 30-second
static hamstring stretch with a 15-second rest between each bout. The control group
rested on a treatment table for the same duration needed for the stretch group to complete
the stretching protocol. Upon completion of the stretching protocol, post-test knee
extension ROM measurements were taken at 1, 3, 6, 9, 15, and 30 minutes. A significant
increase in knee extension ROM was noted at 1 minute (6.8°), and 3 minutes (5.6°) in
comparison to the baseline measurement. The knee extension ROM returned to baseline
measures after 6 minutes and for the remainder of the measurements. Interestingly, the
control group measures were never significantly higher than the baseline measure, but a
significant reduction from the baseline measurement was noted at 3 minutes and
remained significantly decreased over the remaining measurements (Depino et al., 2000).
The results of this study indicate that stretching may cause a transient increase in ROM
up to 3 minutes after a static stretching protocol.
Acute improvements of knee extension ROM after a bout of static hamstring
stretching has also been observed by Cronin et al. (2008). The researchers evaluated the
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acute effects of static hamstring stretching on active knee ROM. The subjects (n=10)
were competitive athletes at the club level and pre-treatment/post-treatment active knee
extension ROM was evaluated using a digital camera technique. Prior to the pretreatment measurements, a 5-minute warm-up was performed. The static stretching
portion of the study consisted of 3 bouts of a 30-second hamstring stretch with a 30second rest between bouts. The post-treatment knee ROM was taken immediately after
and 10 minutes later. The post-treatment ROM measure taken immediately after the
stretching protocol was significantly greater (3°, p=0.011), however, the 10 minute posttreatment measure had returned to baseline measures (Cronin et al., 2008).
In addition, de Weijer et al. (2003) evaluated the acute effects of hamstring stretching
and a warm-up on active knee extension ROM. Pre-stretch and post-stretch -active knee
ROM measurements were taken from each subject. Subjects (n=56) were randomly
distributed to one of four groups consisting of different interventions: warm-up and static
stretch, static stretch only, warm-up only, and control. The warm-up protocol consisted
of a 10 minute stair climbing movement at 70% of max heart rate. The stretching
protocol was performed bi-laterally and used 3 repetitions of a 30-second static hamstring
stretch; a 10 second rest occurred between each repetition. Post-stretch ROM measures
were taken immediately after the intervention, and at 15 minutes, 60 minutes, 4 hours ,
and 24 hours. No significant ROM changes were noted in the warm-up only and control
groups; whereas the stretching only and stretching with warm-up groups demonstrated a
significantly higher (p<0.05, 13°-14°) ROM immediately after the intervention in
comparison to their pre-stretch measures. A significant decline (p<0.05) occurred in the
ROM gains after 15 minutes, however, the ROM remained significantly higher (p<0.05)
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than the pre-stretch measures at every post-stretch measurement (immediate, 15 min, 60
min, 4 h, 24 h) (de Weijer et al., 2003). The findings of this study are particularly
interesting because the ROM gains noted in the stretch only and stretch with warm-up
groups ranged from 7° to 10° 24 hours post-stretch (de Weijer et al., 2003). These
findings were inconsistent with the findings of Cronin et al.(2008) who reported that the
ROM gains were no longer present 10 minutes after stretching was completed (Cronin et
al., 2008).
Whatman and associates (2006) assessed passive knee ROM gains using the same 9
subjects under three conditions: 1) stretch condition, 2) stretch and exercise condition, 3)
control condition. The stretch condition consisted of a baseline knee extension PROM
measure followed by 4 bouts of a 20-second static hamstring stretch. Post-treatment
PROM measurements were repeated immediately after the stretching protocol and
repeated measurements were performed every 5 minutes for 20 minutes. Results showed
a significant (4-5°, p=0.001) improvement in knee PROM when comparing the
immediate post stretch measurement to the control condition (Whatman et al., 2006).
As part of a study evaluating the acute effects of static stretching on maximal
strength, acute ROM changes were also evaluated (Bacurau et al., 2009). Pre-test ROM,
of 14 subjects, was measured using a sit and reach test, and a hip flexion PROM
measurement. The hamstrings and quadriceps were stretched using six different static
stretches; each stretch was performed 3 times and held for 30-seconds followed by a 30
second rest period. The post-test ROM measurements (sit and reach, and passive hip
flexion) were significantly greater (p<0.001) than the pre-test measurements. Such

18

findings led researchers to indicate that static stretching may be beneficial when
improved ROM is the objective of the stretch (Bacurau et al., 2009).
The acute effects of a static shoulder stretch commonly known as the “sleeper”
stretch (used to improve shoulder internal rotation) has also been studied. PROM
baseline measurements were taken of shoulder internal and external rotation as well as
glenohumeral adduction. The subjects consisted of 33 NCAA baseball players (stretch
group) and 33 physically active college students (control group). The stretch group
performed 3 bouts of a 30-second “sleeper” stretch with a 30 second rest period between
stretches. They were then re-measured. The control group did not perform any
movement or stretches before being re-measured. A significant increase in glenohumeral
horizontal adduction (2.3°, p=.01) and shoulder internal rotation (3.1°, p=.003) was noted
in the stretching group’s pre-treatment and post-treatment measures. There were no
significant changes in the control group measurements (Laudner et al., 2008).
This section has shown evidence that an acute improvement in ROM after static
stretching can occur. However, the observations were generally associated with knee
ROM and the reported duration of the ROM gains was inconsistent. Nevertheless,
immediate gains were always observed (Bacurau et al., 2009; Cronin et al., 2008; de
Weijer et al., 2003; Depino et al., 2000; Laudner et al., 2008; Whatman et al., 2006).
Therefore, an acute increase in HIR ROM is plausible if measured immediately upon
completion of a stretching protocol.
The Effects of Stretch Duration and Repetition on ROM
It has been established that static stretching can increase ROM; however, the specific
duration a stretch should be held and number of repetitions required varies (Bandy &

19

Irion, 1994; Zakas et al., 2005). The amount of time a static stretch is held to obtain
ROM gains has been evaluated within the literature with a wide variety of results.
In an effort to determine the optimal duration a static stretch should be held, a 6 week
study was performed (Bandy et al., 1997). The study evaluated the effect of hamstring
stretching on knee extension ROM in 91 subjects. Passive knee extension ROM
measurements were taken prior to the subjects receiving their group assignment.
Hamstring static stretches were performed five days a week using five different
conditions. Group 1 performed three 1-minute stretches, group 2 performed three 30second stretches, group 3 performed one 1-minute stretch, group 4 performed one 30second stretch, and group 5 was considered the control group (did not stretch). Upon
completion of the 6 week protocol ROM measurements were taken again. The post-test
ROM was 10°-11° greater than pre-test measurements in all 4 experimental groups. Of
particular note was the post hoc analysis, which showed no significant differences among
the 4 group’s post-test measures. These findings caused researchers to suggest that a
static stretch of 30 seconds one time a day may be sufficient to improve ROM (Bandy et
al., 1997).
Bandy and Irion (1994) performed a similar study, however, daily stretches lasting
15, 30, and 60 seconds were used. Post-test ROM measurements from the groups
stretching 30 seconds and 60 seconds showed the greatest ROM improvement. However,
no significant difference was noted between the groups stretching for 30 or 60 seconds.
Therefore, researchers concluded the most efficient duration of a static stretch is 30
seconds (Bandy & Irion, 1994).
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Madding et al. (1987) performed a study evaluating the acute effects of different
duration static stretches. The subjects (n=72) were randomly distributed to 1 of 4 groups:
control, 15 second stretch, 45 second stretch, and 2 minute stretch. Baseline passive hip
abduction ROM measurements were taken prior to static stretch implementation. The
same adductor static stretch was performed by all participants in the experimental groups
with the duration being altered. Post-treatment ROM measurements were taken after the
completion of the stretch. Post hoc analysis revealed a significant difference between the
control group and all 3 stretch groups. The results led researchers to conclude that
stretching for a minimum of 15 seconds is just as effective as 2 minutes (Madding et al.,
1987).
Zakas (2005) evaluated fifteen adolescent soccer players and observed similar results.
The study consisted of 3 conditions (all subjects performed each condition). The
conditions included: one 30 second stretch (control), two 15 second stretches, or six 5
second stretches. Each condition was performed bilaterally on the following muscles:
adductors, iliopsoas, hamstrings, quadriceps, and soleus. Five PROM measurements
(hip: flexion, extension, abduction, knee flexion, and dorsiflexion) were taken prior to
each condition and immediately after. The subjects performed a 10 minute warm-up
prior to each stretching protocol. Significant post-stretch ROM improvements (ranging
from p<0.001 to p<0.01, 2.8° to 10°) were reported for each motion tested (Zakas, 2005).
The findings of this study demonstrate that stretching for 30 seconds, whether it is for a
consecutive 30 seconds, twice for 15 seconds, or 6 times for 5 seconds, may be sufficient
to acutely improve ROM.
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A similar study was also done using sedentary elderly women (n=20) as subjects
(Zakas et al., 2005). The same stretches and ROM measurements were performed as
previously described by Zakas (2005). In addition, spinal extensor muscles were
stretched and trunk flexion ROM was measured. The study consisted of 3 conditions (all
subjects performed each condition). The conditions included: one 60 second stretch
(control), two 30 second stretches, or four 15 second stretches. Each condition was
performed bilaterally; measurements were taken prior to each condition and immediately
after. The subjects performed a 10 minute warm-up (5 min. walk, 5 min. calisthenics)
prior to each stretching protocol. Significant post-stretch ROM improvements (p<0.001,
ranging from 4°to 10°) were reported for the six ROM’s tested (Zakas et al., 2005).
These findings indicate that 60 seconds of static stretching may also result in acute ROM
gains. However, one must question the efficacy of a 60 second approach when a 30
second stretch has shown similar results.
The number of repetitions that should be performed in order to cause an acute ROM
increase has also been evaluated (Boyce & Brosky, 2008). Subject’s (n=18) baseline
active knee extension ROM was established prior to a hamstring stretch intervention.
The investigators applied a 15 second hamstring stretch for 10 repetitions, with a 5
second rest period between stretches. After each stretch was applied the subject’s ROM
was recorded. Post hoc analysis revealed that significant ROM improvements occurred
after each repetition during the first five stretches. However, ROM increases were not
significant thereafter. In addition, the greatest ROM improvement occurred between the
first and second stretch (Boyce & Brosky, 2008). The researchers of this study concluded
that its findings should not be generalized to other populations. It does, however, offer
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some insight into the number of repetitions needed to bring about an acute ROM
increase.
Researchers have observed that a 30 second static stretch is sufficient to improve
ROM about a joint (Bandy & Irion, 1994; Bandy et al., 1997; Zakas, 2005). A static
stretch lasting 30 seconds is consistent with the American College of Sports Medicine
(ACSM) guidelines and is often used in the clinical setting (Thompson, Gordon, &
Pescatello, 2010). Therefore, the stretch duration used in this study will be a 30-second
stretch.
The ACSM recommends a minimum of four repetitions per muscle group be used and
previous observations have shown that performing a stretch greater than five times may
not be prudent; so each stretch will be performed 4 times (Boyce & Brosky, 2008;
Thompson et al., 2010).
The Reliability of HIR-PROM Measurements Using a Goniometer
HIR measurements may be taken with the patient in a variety of positions (prone,
supine, or seated). Kouyoumdjian and associates (2012) evaluated the effect patient
positioning has on HIR ROM measurement reliability. Hip rotation ROM measurements
were taken on each participant (n=120) in three positions: prone with the hip in 0° of hip
flexion and the knee at 90°, supine with the hip in 0° of hip flexion and the knee at 90°,
and seated with the hip and knee flexed to 90°. A photographic measurement technique
was used to determine the ROM measurement. The measurement results demonstrated
acceptable inter-observer reproducibility in each of the three positions (supine, prone,
seated) for HIR measurements (ccc≥0.7707). No significant differences were noted in
the ROM measurements from each position. While the correlation coefficients were
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satisfactory for each position tested (ccc above 0.7), the interexaminer correlation was
greatest (ccc=0.8343) using the prone positioning technique. (Kouyoumdjian, Coulomb,
Sanchez, & Asencio, 2012). These observations support the idea that measuring hip
internal rotation passive range of motion (HIR-PROM) in the prone position is reliable.
Researchers have also evaluated the reliability of HIR-PROM measurements using a
goniometer. Holm et al. (2000) evaluated the reliability of HIR-PROM measurements in
25 osteoarthritis subjects. Four different teams of two investigators each measured HIRPROM with the subjects positioned prone and the knee flexed to 90°. The investigators
reported an intra-class coefficient (ICC), for intra-tester reliability, of 0.90 (Holm et al.,
2000).
Various researchers have reported on the intra-rater reliability of HIR-PROM
measurements. Ellison et al. (1990) evaluated the reliability of their prone HIR-PROM
measurements and observed an intra-rater ICC of ≥0.98 (Ellison, Rose, & Sahrmann,
1990). In a similar manner, Cibulka and associates (1998) reported an ICC of 0.97 for
the prone HIR-PROM measurement (Cibulka, Sinacore, Cromer, & Delitto, 1998). Van
Dillen et al. (2008) reported intra-tester reliability ranging from 0.92-0.99; however, an
inclinometer rather than a goniometer was used in their study (VanDillen et al., 2008).
The information presented in this section demonstrates that prone HIR-PROM
measurements using a goniometer are reliable. Greater ROM measurements have also
been observed from the prone position when compared to the seated or supine positions
(Bierma-Zeinstra et al., 1998). Furthermore, measuring HIR ROM in the prone position
using a goniometer is common practice in the clinical setting (Norkin & White, 2009;
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Ost, 2010). Therefore, the HIR-PROM measurements for this study will be done using a
goniometer from the prone position.
In summary, a variety of essential concepts have been addressed throughout this
section. At this point the reader should have a basic understanding of hip anatomy as it
relates to HIR ROM. The association of HIRD and athletic injuries establishes the
clinical relevance of this study. Previous investigations have confirmed that acute ROM
changes may occur after a bout of static stretching. Static stretching parameters (duration
of stretch, and number of repetitions) have been discussed and the measurement’s
reliability has been introduced.
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CHAPTER 3
METHODOLOGY
Subjects
A convenience sample of 30 participants ( 15 male, 15 female; age 22.6±1.8 years;
height 173.5±8.5 cm; mass 73.8±12.7 kg) were recruited from the university community.
To be included in this study, participants needed to be currently exercising dynamically
(e.g., jog, run, cycle, swim, tennis etc) a minimum of 2 times a week for at least 30
minutes each time and they could not have been diagnosed with a hip pathology (by a
physician) at any time during their life. Each participant was randomly assigned (with
gender controlled) to either the control group or one of two stretching groups (figure 4
stretch or the modified lunge stretch). Each participant gave signed informed consent
prior to participating and this study was approved by the University’s Institutional
Review Board.
Instrumentation
Pre-test and post-test measurements were taken using a 12” plastic goniometer with a
bubble level attached to the stationary arm. A cycle ergometer was used during the
warm-up protocol.
All instructions, ROM measurements and treatments were performed by the same
three investigators throughout the entire study to avoid interexaminer variation. The
investigators are referred to as Investigator 1 (TG), Investigator 2 (MS), and Investigator
3 (CB). Investigator 1 performed the passive HIR during the measurement process and
was blinded to all measures obtained. Investigator 2 used a goniometer to read and
record the HIR-PROM measures. Investigators 1 and 2 were blinded to participant group
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assignment (control, modified lunge stretch, or figure 4 stretch) by leaving the lab while
the participants received group assignments, instructions, and performed the warm-up
and stretching protocols. After the pre-test measurement, instructions for each group
were provided in a video format to ensure consistent instruction for all participants. In an
effort to limit infidelity throughout the data collection process, Investigator 3 verified that
all procedures were performed as they are reported in the study.
Procedures
All measurements and treatments took place in the Sports Injury Research Center
(SIRC); a flow chart of the procedures is presented in Figure 5. Upon arrival to the SIRC
participants were briefed on the procedures of the study and asked to sign the consent
form. The following information was then recorded: age, height, weight, gender, and
dominant leg. Dominant leg was defined as the leg with which the participant would
choose to kick a soccer ball. After all demographic information had been recorded, the
participant was randomly assigned (with gender balanced) to either the control group or
one of two stretching groups (figure 4, or modified lunge).
After the participant had been assigned to a specific group, the participant's nondominant hip pre-test HIR-PROM was measured (all measurements and treatments were
performed on the non-dominant hip; 28 right, 2 left). In order to obtain HIR-PROM
measurements, the participant was positioned prone on a treatment table. Investigator 1
ensured that the participant positioning was properly executed. The hip was neutral in
regards to abduction/adduction and the pelvis stabilized to the table with a belt. The
participant’s arms were positioned at his/her side with the head in the position of most
comfort. The knee of the leg being measured (non-dominant hip) was moved into 90°
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flexion or perpendicular to the table. Investigator 1 then passively internally rotated the
hip to the end of HIR-PROM. The end of HIR-PROM was defined as once Investigator 1
felt resistance or the participant expressed discomfort. Investigator 2 then measured the
angle with a goniometer. The axis of the goniometer was centered over the midpatellar
surface, with the movement arm aligned to the midline of the lower leg (anterior tibial
crest) and the stationary arm positioned parallel to the table top (Norkin & White, 2009;
Ost, 2010). The reliability of the HIR-PROM measurement procedures has previously
been established (Cibulka et al., 1998; Ellison et al., 1990; Holm et al., 2000).
Photographs illustrating the HIR-PROM measurements process are presented in Figure 1.

Figure 1. Photographs of the Hip Internal Rotation Passive Range of Motion
Measurement Technique

To insure consistent placement of the goniometer, Investigator 2 placed a small mark
on the center of the patella (patellar mark). Investigator 2 measured the distance between
the medial to lateral patellar poles and the distance between the superior to inferior
patellar poles.

The patellar mark was then placed at the midway point of the

medial/lateral patellar pole and the superior/inferior patellar pole measurements. Another
mark was placed on the anterior tibial crest 20 cm. from the patellar mark, which served
as a reference for the alignment of the movement arm (Figure 2). The marks were made
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prior to the pre-test HIR-PROM measurement. The bubble on the stationary arm was
used to enable Investigator 2 to verify that the arm was parallel to the table (horizontal
position).

Figure 2. Photograph of the Markings Used to Align the Goniometer

After the pre-test HIR-PROM measurement was taken, each participant watched a
pre-recorded video of instructions. The video provided instructions regarding the
standard warm-up protocol and the participant’s randomly assigned stretch (when
applicable). The participants (including the control group) then completed the warm-up
protocol.
The warm-up protocol was a 10 minute procedure. The participants pedaled a cycle
ergometer at a pace of 50 revolutions per minute (rpm) and the resistance was set at 1
kilopond (kp). To ensure a consistent rpm rate, a metronome set at 100 beats per minute
was used to keep the pace.
Upon completion of the warm-up procedure, the two stretching groups were given a 1
minute period to prepare for the stretching protocol. The control group was asked to rest
lying on the treatment table.

The control group participants’ post-test HIR-PROM

measurements were taken at 3 ½ minutes after the warm-up was completed. The waiting
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period was equal to the time taken by the experimental groups to complete the stretching
protocol.
The stretching protocol for this study was derived from the 2010 American College of
Sports Medicine (ACSM) stretching recommendations. Each static stretch was held for
30 seconds and four repetitions of the stretch (figure 4, or modified lunge depending on
group assignment) were performed, with a 10 second rest period between each repetition.
The participants were instructed to perform the stretch to the limit of discomfort within
the ROM.
The “figure 4 stretch” was derived from a stretch found in a recent athletic training
text. While lying supine on the floor (a yoga mat was used for comfort) the nondominant leg was crossed over the dominant leg. The participant grabbed the dominant
leg and the knees were pulled toward the chest (Starkey, 2013). Photographs of the
figure 4 stretch are presented in Figure 3.

Figure 3. Photographs of the “Figure 4” Stretch

The “modified lunge” stretch was used due to its common use within the clinical
setting. The modified lunge stretch was performed in a half-kneeling position. The
participants assumed the half-kneeling position with the non-dominant knee on the
ground (a yoga mat was placed under the knee for comfort) and the trunk erect. The
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participant performed the stretch by placing the pelvis in a posterior tilt and leaning
forward by flexing the dominant hip and knee (Winters et al., 2004). Photographs of the
modified lunge stretch are presented in Figure 4.

Figure 4. Photographs of the “Modified Lunge” Stretch

Upon completion of the stretching protocol, participants were repositioned on the
testing table and their post-test HIR-PROM measurements were taken following the same
procedures.
Statistical Analysis
SPSS 19.0 software was used to perform all statistical analysis. The group means and
standard deviations (demographic information, pre and post test ROM) were analyzed.
A 2X3 (pre/post HIR-PROM X Group assignment) mixed model factorial analysis of
variance was used. It was decided a priori to run planned comparisons (dependant t-tests
for within groups comparisons, and an ANOVA for between groups comparisons). The α
level was set at 0.05 to determine level of significance. The dependant variable measured
was HIR-PROM and the independent variables were Time and Group assignment.
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Participant reads and signs consent
form

Demographic data collected
(height,weight,age,gender,dominant leg)

Participant randomly assigned to a group
(control, figure 4, modified lunge)

Pre-test HIR-PROM measured

Control group watches
group instructions video

Figure 4 group watches
group instructions video

Modified lunge group
watches group instructions

video
Participant performs standard warm-up
protocol

Modified lunge stretch is
performed

Figure 4 stretch is
performed

Control group rests on
table

Post-test HIR-PROM measured

Figure 5. Procedures Flow Chart
Illustrated here are the procedures used in this study, presented in a flow chart form.
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CHAPTER 4
RESULTS
HIR-PROM descriptive statistics are presented in Table 2. Normality and
homogeneity of variance tests were not significant (Appendix III). Therefore, normal
statistical assumptions were not violated. HIR-PROM was not influenced by the
interaction between Time and Group (Appendix III; F2, 27=0.677, p=0.396). HIR-PROM
was greater over Time regardless of group assignment (Appendix III and Figure 6; F1,
27=33.151,

p<0.001). However, HIR-PROM was not influenced by group (Appendix III;

F2, 27=0.169, p=0.846).

Table 2. Group Hip Internal Rotation Passive Range of Motion Descriptive Statistics
Presented here are the group means and standard deviations for hip internal rotation
passive range of motion for pre-test and post-test measures.
Pre-Test Hip Internal Rotation
Post-Test Hip Internal Rotation
Passive Range of Motion

Passive Range of Motion

Control

63.5±10.4°

Control

66.4±11.1°

Figure 4

60.1±10.9°

Figure 4

64.1±8.5°

Modified lunge

61.3±12.4°

Modified lunge

33

65.5±12.5°

68

*

HIR-PROM (deg)

67
66
65
64

Control

63

Figure 4

62

Modified Lunge

61
60
59
Pre -Test

Post-Test

Time
Figure 6. Group at Time Line Graph
Illustrated here is hip internal rotation passive range of motion (HIR-PROM) in
degrees (deg) over time (pre-test and post-test).
(note:* significant main effect for time p <0.001)

It was decided a priori to run simple main effects comparisons. There were
significant differences between pre and post HIR-PROM measurements for each group
(Appendix III, p <0.05). There were no significant differences between groups when
comparing either pre or post measures (Appendix III, p >0.05).
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CHAPTER 5
DISCUSSION
The purpose of this study was to evaluate the acute effect of two commonly used
static stretches (“modified lunge” and “figure 4”) on HIR-PROM. Increases in HIRPROM were seen over time in each group (control, figure 4, modified lunge). The most
noteworthy observation was that ROM increased over time regardless of group
assignment. It was not expected that ROM would increase for the control group over
time, but it is logical that an increase in ROM would occur since riding a cycle ergometer
could have a dynamic stretching effect.
HIR-PROM averaged 61.6 ±11.0° for all pre-test measures and 65.3 ±10.5° for all
post-test measures. A previous study has reported means for normal HIR-PROM; they
also reported a range in which 95% of their measurements occurred (Svenningsen,
Terjesen, Auflem, & Berg, 1989). The mean value reported for adult females was 52°
and 95% of the female measurements taken fell between 34-71°. The mean value
reported for adult males was 38° and 95% of the measurements taken fell between 23-53°
(Svenningsen et al., 1989). It is not known why the mean HIR-PROM measures in this
study are higher than those reported by Sevenningsen et al. (1989). However, the means
and ranges reported in their study demonstrate that HIR-PROM measurements can be
appreciably larger than the AROM norms (previously presented in this study). PROM
may differ from AROM measurements due to the application of an external force in order
to produce the motion, the participants’ reported level of discomfort, or patient
positioning.
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Bierma-Zeinstra et al. (1998) compared mean (no standard deviations were reported)
HIR ROM measurements taken actively and passively from each of the three possible
positions (prone, supine, short sitting). Mean HIR-PROM reported for the measurements
taken with the subject in the prone position was 53.2°, and the reported mean HIR ROM
for prone AROM was 46.3° (approximately 7° less). In addition, mean HIR-PROM
measurements were 13-14° greater when taken from the prone position in comparison to
the supine and sitting positions (Bierma-Zeinstra et al., 1998). Their measurements
demonstrate that a large amount of variability exists between AROM and PROM
measures as well as among measurements taken from different patient positions (prone,
seated, supine). Therefore, the technique (AROM or PROM) and patient positioning
(prone, seated, or supine) used while measuring HIR ROM may influence the amount of
ROM measured. A PROM technique and prone patient positioning were used to measure
HIR ROM in this study. According to the findings of Bierma-Zeinstra et al. (1998) this
particular combination would yield the largest amount of HIR ROM. Therefore, it is
believed that the HIR-PROM data obtained in this study are reasonable and valid.
However, additional research may be needed to more thoroughly understand factors that
influence HIR ROM values and why they may differ between studies.
It may be that the amount of force applied to the limb while measuring PROM varies
between testers (as well as between studies). In this study, the force was applied to the
limb until Investigator 1 felt tissue resistance or until the participant expressed
discomfort. Variability in the amount of force used or variability in participant feedback
may be explanations as to why HIR-PROM measures differ among studies. Further
studies could implement the use of a dynamometer to ensure a consistent force is applied
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during the HIR-PROM measurement. However, this study was a repeated measures
design and Investigator 1 was blinded to all measurements as well as participant group
assignment in an effort to limit any bias. In addition, Investigator 1 (who applied force)
was chosen to perform the passive movement due to his 17 years of experience as a
health care provider.
The use of a passive measurement can be seen as a confounding factor, since the
passive movement could be considered a stretch. Although, it is unlikely that the pre-test
measure had any influence on the results due to the time between measurements (greater
than 15 minutes). The use of a passive measurement can also be considered a limitation
given that the results cannot be generalized to AROM measurements. However, a
passive measurement was chosen to limit participant bias. It was suspected that if an
active measurement was used, participant effort during the measurement process could
alter the accuracy of the measurements. Also, the use of one investigator to apply the
force when measuring HIR-PROM can also be considered a limitation. It is not known if
the results would differ if another investigator was used. Only one investigator was used
during this study to eliminate inter-examiner variability.
Another limitation of the study was that subjects were young, apparently healthy
adults. Due to the age and health status of the participants, it is plausible that a ceiling
effect occurred; meaning that the participants may have already possessed their
maximum (or near maximum) physiological HIR-PROM and thus could not improve
further. It is not known if the results of this study can be applied to a population lacking
HIR ROM (e.g., geriatric population, population with HIRD). However, this study
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establishes an expectation that the stretches used do not influence HIR-PROM any more
than a cycling warm-up.
It is plausible that the control group improvement was due to an avis effect; which
occurs when the control group participants make a greater effort as a result of knowing
they are in the control group. However, as previously mentioned, the use of a passive
measurement should have limited the participants’ ability to alter their pre or post-test
measures. In addition, the resistance and pace used in the warm-up protocol were well
controlled; so it is unlikely that the control participants’ efforts altered the results.
The pre-test and post-test HIR-PROM measurements were the same between each of
the 3 groups and each group showed a similar improvement over time. It is possible that
the warm-up may have had a dynamic stretching effect resulting in improved HIRPROM. However, it was not anticipated that the control group improvement would be
comparable to the stretching groups’ improvement.
As mentioned within the limitations a ceiling effect may have occurred. A ceiling
effect may be a possible explanation as to why the improvement noted in the control
group was equal to the stretching groups. To obtain additional insight from the data,
HIR-PROM percent change over time ([post-test- pre-test] /pre-test*100) for each
participant was calculated and illustrated in a scatter plot (Figure 7). Upon further review
of the scatter plot, it is conjectured there might be a trend that the participants with a
smaller amount of pre-test HIR-PROM had a greater ROM percent change. This
observation confirms the need to further evaluate the stretching (figure 4, modified lunge)
effects on HIR-PROM using a population lacking HIR. However, it is important to note
that there was no difference in pre-test HIR-PROM between groups.

38

HIR-PROM Percent Change Over Time (%)

Percent Change By Group
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Figure 7. Percent Change by Group Scatter Plot
Illustrated here is each participant’s hip internal rotation passive range of motion
(HIRPROM) percent change over time ([post-test- pre-test]/pre-test*100) and pre-test hip
internal rotation passive range of motion (Pre-Test HIR-PROM). The participants are
organized by group (control, figure 4, modified lunge). (note: two participants within the
figure 4 group presented with the same measurements so only 9 participants are
represented from the figure 4 group).

However, based upon the analysis of this study, it is apparent that the figure 4 and
modified lunge stretch had little to no difference in acute effect on HIR-PROM. It is
conjectured that the improvement within each group was due to the warm-up rather than
the stretches; given that the warm-up was the only common intervention performed by
each group.
The increase in HIR-PROM seen over time within each group provides some
clinically relevant insight. Athletic trainers (ATC), physical therapists (PT) and other
health care providers are often understaffed. For example, it is not uncommon for one
ATC to be responsible for the care of an entire team. Therefore, clinical efficiency is
necessary. Furthermore, if a treatment is not effective it should not be implemented; as it
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is contrary to evidenced based medicine. In order to increase clinical efficiency and
provide the best patient care, clinicians should eliminate the use of ineffective treatments.
The results from this study bring about uncertainty regarding the efficacy for improving
HIR-PROM of the figure 4 and modified lunge stretches. One would expect a greater
improvement over time within the stretching groups in comparison to the control group if
the stretches were an effective intervention for the improvement of HIR-PROM. Due to
the results of this study, it is hypothesized that performing a 10 minute cycling warm-up
is just as effective without post warm-up stretching (figure 4 or modified lunge) than it is
with post warm-up stretching, to acutely improve HIR-PROM. Therefore, clinicians
attempting to acutely increase HIR-PROM may opt to forgo post warm-up figure 4 or
modified lunge stretching in an effort to increase efficiency as well as to only provide
evidenced based treatments.
It is important to recognize that the findings cannot be generalized to any possible
long term effects of stretching on ROM. However, it is difficult to presume that if a
stretch does not effectively improve ROM acutely it would be capable of effectively
causing a ROM increase when implemented over a long period of time.
Many questions regarding hip external rotator stretches and their effect on HIRPROM remain unanswered. Further research is warranted to determine why riding a
cycle ergometer for 10 minutes improved HIR-PROM as effectively as performing a hip
external rotator stretch in addition to the warm-up. Is it possible that riding a bike as a
regular warm-up could bring about a permanent improvement in HIR-PROM? The long
term effects of the figure 4 and modified lunge stretch are still unknown. It is not known
how the use of propioceptive neuromuscular facilitation (PNF) stretching techniques
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would affect HIR-PROM. Are there alternative stretches or exercises that may be more
effective than those tested in this study? Further research is warranted to determine if a
greater ROM improvement does in fact occur when implementing the figure 4 or
modified lunge stretch within a population lacking HIR ROM.
In conclusion, the results from this study indicate that no additional acute increase
occurs in HIR-PROM when post warm-up figure 4 or modified lunge stretches are
implemented. Therefore, clinicians may forgo their implementation while attempting to
acutely increase HIR-PROM in an effort to increase efficiency.
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INFORMED CONSENT
Department of Kinesiology and Nutrition Sciences
TITLE OF STUDY: The acute effect of two hip external rotator stretches on range of
motion
INVESTIGATOR(S): Dr. John Mercer, Cody Bremner, Tedd Girouard, Michelle Samuel,
Chase Altemara, Alyssa Buuck, and Thomas Godfrey
For questions or concerns about the study, you may contact John Mercer at (702) 895-4672.
For questions regarding the rights of research subjects, any complaints or comments regarding the
manner in which the study is being conducted, contact the UNLV Office of Research Integrity
– Human Subjects at 702-895-2794, toll free at 877-895-2794 or via email at IRB@unlv.edu.
Purpose of the Study
You are invited to participate in a research study. The purpose of this study is to determine the
acute effect of two hip external rotation stretches on passive hip internal rotation range of motion.
Participants
You are being asked to participate in the study because you fit these criteria: You are a healthy
adult age 18-30 years old. You exercise dynamically (jog, run, cycle, swim, tennis etc) a
minimum of 2 times a week for 30 minutes. You have never been diagnosed with a hip
pathology by a physician at any time during your life.
Procedures
If you volunteer to participate in this study, you will be asked to do the following:
 Provide the researchers with your age, gender, and dominant leg (leg you would use to
kick a soccer ball), and your height and weight will be measured.
 You will be randomly assigned to 1 of 3 groups: control, hip external rotation stretch
group, or hip flexion stretch.
 Base line passive hip internal rotation range of motion will be measured on your non
dominant leg using a goniometer. You will be positioned in a resting position on a
treatment table. The investigators will take a few measurements of your knee cap and
then place two small marks (using a marker) on your non-dominant leg (to serve as
reference points). An investigator will then passively internally rotate your hip to the
point of tissue resistance, and another investigator will measure your hip internal rotation
with a goniometer (***please see attached picture for an example of passive hip internal
rotation).

Approved by the UNLV IRB. Protocol 1210-4293
Received: 02-04-13 Approved: 02-07-13 Expiration: 12-13-13

 Upon completion of your baseline measurement you will watch an instructions
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video that will teach you how to perform the warm up protocol and your assigned
stretching protocol.
You will perform the warm-up protocol which consists of pedaling on a cycle ergometer
(stationary bike) for 10 minutes at a pace of 50 revolutions per minute with a cycling
resistance set so it feels light.
After the warm-up you will have a 1 minute rest period to prepare for your assigned
stretching protocol
The stretching protocol consists of either a hip external rotation stretch, or a hip flexion
stretch. You will be asked to perform four 30 second stretches (of your assigned stretch)
of your non dominant leg with a 10 second rest period between each stretch.
If you are assigned to the control group you will not perform any stretches but will be
asked lie on a treatment table for a few minutes after the warm up protocol has been
performed.
Your passive hip internal rotation range of motion of your non dominant hip will be
measured again in the same manner your baseline measurement was taken.

Benefits of Participation
There may not be direct benefits to you as a participant in this study. However, we hope to learn
if the stretches performed in this study are effective in improving hip internal rotation range of
motion.
Risks of Participation
There are risks involved in all research studies. This study may include only minimal risks. You
may feel slight hip discomfort as you perform your assigned stretch or during the measurement of
your hip internal rotation range of motion. You may become tired while pedaling the cycle
ergometer during the warm up protocol.
Cost /Compensation
There may not be financial cost to you to participate in this study. The study will take
approximately 1 hour of your time. You will not be compensated for your time.
Confidentiality
All information gathered in this study will be kept as confidential as possible. No reference will
be made in written or oral materials that could link you to this study. All records will be stored in
a locked facility at UNLV for 3 years after completion of the study. After the storage time the
information gathered will be destroyed.
Voluntary Participation
Your participation in this study is voluntary. You may refuse to participate in this study or in any
part of this study. You may withdraw at any time without prejudice to your relations with
UNLV. You are encouraged to ask questions about this study at the beginning or any time during
the research study.

Approved by the UNLV IRB. Protocol 1210-4293
Received: 02-04-13 Approved: 02-07-13 Expiration: 12-13-13
Participant Consent:
44

Page 2 of 3

I have read the above information and agree to participate in this study. I have been able to ask
questions about the research study. I am at least 18 years of age. A copy of this form has been
given to me.

Signature of Participant

Date

Participant Name (Please Print)

(example of passive hip internal rotation)

**Picture adapted from: Cibulka, M. T., & Threlkeld-Watkins, J. (2005). Patellofemoral pain and
asymmetrical hip rotation. Physical Therapy, 85(11), 1201-1207.

Approved by the UNLV IRB. Protocol 1210-4293
Received: 02-04-13 Approved: 02-07-13 Expiration: 12-13-13
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Biomedical IRB – Expedited Review
Approval Notice
NOTICE TO ALL RESEARCHERS:
Please be aware that a protocol violation (e.g., failure to submit a modification for
any change) of an IRB approved protocol may result in mandatory remedial
education, additional audits, re-consenting subjects, researcher probation,
suspension of any research protocol at issue, suspension of additional existing
research protocols, invalidation of all research conducted under the research
protocol at issue, and further appropriate consequences as determined by the IRB
and the Institutional Officer.
DATE:

December 14, 2012

TO:

Dr. John Mercer, Kinesiology & Nutrition Sciences

FROM:

Office of Research Integrity – Human Subjects

RE:

Notification of IRB Action
Protocol Title: The Acute Effect of Two Hip External Rotation Stretches on Hip
Internal Rotation
Protocol #: 1210-4293
Expiration Date: December 13, 2013

This memorandum is notification that the project referenced above has been reviewed and approved by the
UNLV Biomedical Institutional Review Board (IRB) as indicated in Federal regulatory statutes 45 CFR 46
and UNLV Human Research Policies and Procedures.
The protocol is approved for a period of one year and expires December 13, 2013. If the above-referenced
project has not been completed by this date you must request renewal by submitting a Continuing Review
Request form 30 days before the expiration date.
PLEASE NOTE:
Upon approval, the research team is responsible for conducting the research as stated in the protocol most
recently reviewed and approved by the IRB, which shall include using the most recently submitted
Informed Consent/Assent forms and recruitment materials. The official versions of these forms are
indicated by footer which contains approval and expiration dates.
Should there be any change to the protocol, it will be necessary to submit a Modification Form through
ORI - Human Subjects. No changes may be made to the existing protocol until modifications have been
approved by the IRB. Modified versions of protocol materials must be used upon review and approval.
Unanticipated problems, deviations to protocols, and adverse events must be reported to the ORI – HS
within 10 days of occurrence.
If you have questions or require any assistance, please contact the Office of Research Integrity - Human
Subjects at IRB@unlv.edu or call 895-2794.
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Biomedical IRB – Expedited Review
Modification Approved
NOTICE TO ALL RESEARCHERS:
Please be aware that a protocol violation (e.g., failure to submit a modification for any
change) of an IRB approved protocol may result in mandatory remedial education, additional
audits, re-consenting subjects, researcher probation, suspension of any research protocol at
issue, suspension of additional existing research protocols, invalidation of all research
conducted under the research protocol at issue, and further appropriate consequences as
determined by the IRB and the Institutional Officer.
DATE:

February 7, 2013

TO:

Dr. John Mercer, Kinesiology

FROM:

Office of Research Integrity – Human Subjects

RE:

Notification of IRB Action
Protocol Title: The Acute Effect of Two Hip External Rotator Stretches on Range of Motion
Protocol #: 1210-4293
Expiration Date: December 13, 2013

The modification of the protocol named above has been reviewed and approved.
Modifications reviewed for this action include:




The title is now changed to "The Acute Effect of Two Hip External Rotator Stretches on Range of Motion."
The addition of Alyssa Buuck and Thomas Godfrey to the research team.
The addition of a procedure to improve consistent placement of measurement device(using marks with
"sharpie").
This IRB action will not reset your expiration date for this protocol. The current expiration date for this protocol is
December 13, 2013.
PLEASE NOTE:
Upon approval, the research team is responsible for conducting the research as stated in the protocol most recently
reviewed and approved by the IRB, which shall include using the most recently submitted Informed Consent/Assent
forms and recruitment materials. The official versions of these forms are indicated by footer which contains approval
and expiration dates.
Should there be any change to the protocol, it will be necessary to submit a Modification Form through ORI - Human
Subjects. No changes may be made to the existing protocol until modifications have been approved by the IRB.
Modified versions of protocol materials must be used upon review and approval. Unanticipated problems, deviations to
protocols, and adverse events must be reported to the ORI – HS within 10 days of occurrence.
Should the use of human subjects described in this protocol continue beyond December 13, 2013, it would be necessary
to submit a Continuing Review Request Form 30 days before the expiration date.
If you have questions or require any assistance, please contact the Office of Research Integrity - Human Subjects at
IRB@unlv.edu or call 895-2794.
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Participant Data Collection Sheet

Participant
#
Age
Gender
Height
(cm)
Weight
(kg)
Dominant
Leg
(leg participant would use to kick a soccer ball)
Group
Assignment
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge
stretch (3)

Pre-Test HIR-PROM (degrees)
Post-Test HIR-PROM
(degrees)
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Participant Data Collection Sheet

Participant
#1
Age
22
Gender
Male
Height
(cm)
Weight
(kg)
Dominant
Leg

184.4
83
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 1 (C)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
54
Post-Test HIR-PROM (degrees)
61
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Participant Data Collection Sheet

Participant
#2
Age
20
Gender
Female
Height
(cm)
Weight
(kg)
Dominant
Leg

178.7
71.3
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 1 (C)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
68
Post-Test HIR-PROM (degrees)
73
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Participant Data Collection Sheet

Participant
#3
Age
22
Gender
Male
Height
(cm)
Weight
(kg)
Dominant
Leg

181.5
81.5
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 3 (ML)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
49
Post-Test HIR-PROM (degrees)
51
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Participant Data Collection Sheet

Participant
#4
Age
20
Gender
Female
Height
(cm)
Weight
(kg)
Dominant
Leg

170.4
68.4
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 1 (C)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
77
Post-Test HIR-PROM (degrees)
80
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Participant Data Collection Sheet

Participant
#5
Age
21
Gender
Female
Height
(cm)
Weight
(kg)
Dominant
Leg

165
60.6
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 3 (ML)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
87
Post-Test HIR-PROM (degrees)
94
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Participant Data Collection Sheet

Participant
#6
Age
25
Gender
Male
Height
(cm)
Weight
(kg)
Dominant
Leg

174.4
92.7
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 2 (F4)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
56
Post-Test HIR-PROM (degrees)
56
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Participant Data Collection Sheet

Participant
#7
Age
23
Gender
Female
Height
(cm)
Weight
(kg)
Dominant
Leg

170
58.3
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 2 (F4)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
65
Post-Test HIR-PROM (degrees)
72
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Participant Data Collection Sheet

Participant
#8
Age
21
Gender
Female
Height
(cm)
Weight
(kg)
Dominant
Leg

170.2
68.7
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 2 (F4)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
63
Post-Test HIR-PROM (degrees)
68
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Participant Data Collection Sheet

Participant
#9
Age
24
Gender
Male
Height
(cm)
Weight
(kg)
Dominant
Leg

177.1
88.4
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 2 (F4)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
38
Post-Test HIR-PROM (degrees)
52

58

Participant Data Collection Sheet

Participant
#10
Age
22
Gender
Female
Height
(cm)
Weight
(kg)
Dominant
Leg

162.1
49.9
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 2 (F4)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
59
Post-Test HIR-PROM (degrees)
65
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Participant Data Collection Sheet

Participant
#11
Age
23
Gender
Female
Height
(cm)
Weight
(kg)
Dominant
Leg

166
62.5
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 1 (C)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
58
Post-Test HIR-PROM (degrees)
59
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Participant Data Collection Sheet

Participant
#12
Age
23
Gender
Male
Height
(cm)
Weight
(kg)
Dominant
Leg

171
72
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 3 (ML)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
58
Post-Test HIR-PROM (degrees)
58

61

Participant Data Collection Sheet

Participant
#13
Age
27
Gender
Male
Height
(cm)
Weight
(kg)
Dominant
Leg

172
90.1
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 2 (F4)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
51
Post-Test HIR-PROM (degrees)
53
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Participant Data Collection Sheet

Participant
#14
Age
26
Gender
Male
Height
(cm)
Weight
(kg)
Dominant
Leg

173
91.2
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 2 (F4)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
57
Post-Test HIR-PROM (degrees)
61
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Participant Data Collection Sheet

Participant
#15
Age
21
Gender
Male
Height
(cm)
Weight
(kg)
Dominant
Leg

189.5
89
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 1 (C)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
70
Post-Test HIR-PROM (degrees)
76
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Participant Data Collection Sheet

Participant
#16
Age
21
Gender
Male
Height
(cm)
Weight
(kg)
Dominant
Leg

180
74.1
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 1 (C)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
46
Post-Test HIR-PROM (degrees)
47
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Participant Data Collection Sheet

Participant
#17
Age
24
Gender
Female
Height
(cm)
Weight
(kg)
Dominant
Leg

158.5
62.5
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 3 (ML)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
55
Post-Test HIR-PROM (degrees)
60

66

Participant Data Collection Sheet

Participant
#18
Age
21
Gender
Male
Height
(cm)
Weight
(kg)
Dominant
Leg

186.2
77.5
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 1 (C)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
68
Post-Test HIR-PROM (degrees)
70
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Participant Data Collection Sheet

Participant
#19
Age
23
Gender
Male
Height
(cm)
Weight
(kg)
Dominant
Leg

177
75
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 1 (C)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
51
Post-Test HIR-PROM (degrees)
52
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Participant Data Collection Sheet

Participant
#20
Age
26
Gender
Male
Height
(cm)
Weight
(kg)
Dominant
Leg

180
79.3
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 3 (ML)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
50
Post-Test HIR-PROM (degrees)
59
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Participant Data Collection Sheet

Participant
#21
Age
21
Gender
Female
Height
(cm)
Weight
(kg)
Dominant
Leg

178
77.5
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 2 (F4)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
75
Post-Test HIR-PROM (degrees)
75
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Participant Data Collection Sheet

Participant
#22
Age
23
Gender
Female
Height
(cm)
Weight
(kg)
Dominant
Leg

164.5
73
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 3 (ML)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
66
Post-Test HIR-PROM (degrees)
67
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Participant Data Collection Sheet

Participant
#23
Age
22
Gender
Female
Height
(cm)
Weight
(kg)
Dominant
Leg

166
67.5
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 2 (F4)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
62
Post-Test HIR-PROM (degrees)
64
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Participant Data Collection Sheet

Participant
#24
Age
23
Gender
Female
Height
(cm)
Weight
(kg)
Dominant
Leg

160.5
51
Left
(leg participant would use to kick a soccer ball)

Group
Assignment 1 (C)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
74
Post-Test HIR-PROM (degrees)
77
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Participant Data Collection Sheet

Participant
#25
Age
21
Gender
Female
Height
(cm)
Weight
(kg)
Dominant
Leg

175.4
64.1
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 3 (ML)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
67
Post-Test HIR-PROM (degrees)
68
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Participant Data Collection Sheet

Participant
#26
Age
24
Gender
Male
Height
(cm)
Weight
(kg)
Dominant
Leg

178.5
87.5
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 2 (F4)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
75
Post-Test HIR-PROM (degrees)
75
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Participant Data Collection Sheet

Participant
#27
Age
23
Gender
Male
Height
(cm)
Weight
(kg)
Dominant
Leg

182.7
86
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 3 (ML)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
45
Post-Test HIR-PROM (degrees)
53
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Participant Data Collection Sheet

Participant
#28
Age
21
Gender
Female
Height
(cm)
Weight
(kg)
Dominant
Leg

168.7
71
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 3 (ML)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
69
Post-Test HIR-PROM (degrees)
70
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Participant Data Collection Sheet

Participant
#29
Age
22
Gender
Male
Height
(cm)
Weight
(kg)
Dominant
Leg

185.5
90
Left
(leg participant would use to kick a soccer ball)

Group
Assignment 3 (ML)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
67
Post-Test HIR-PROM (degrees)
75
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Participant Data Collection Sheet

Participant
#30
Age
22
Gender
Female
Height
(cm)
Weight
(kg)
Dominant
Leg

158.5
50
Right
(leg participant would use to kick a soccer ball)

Group
Assignment 1 (C)
(C=control (1), F4= figure 4 stretch (2), ML=modified lunge stretch
(3)

Pre-Test HIR-PROM (degrees)
69
Post-Test HIR-PROM (degrees)
69

79

APPENDIX III

SPSS STATISTICAL OUTPUT
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Descriptive Statistics

Descriptives
Group
Pre-Test ROM

Control

Statistic
Mean

63.50

Std. Deviation

Figure 4

Skewness

-.494

.687

Kurtosis

-1.152

1.334

60.10

3.462

Mean

10.949

Skewness

-.517

.687

Kurtosis

.901

1.334

61.30

3.947

Mean
Std. Deviation

Post-Test ROM

Control

12.482

Skewness

.713

.687

Kurtosis

.641

1.334

66.40

3.528

Mean
Std. Deviation

Figure 4

Modified Lunge

3.314

10.480

Std. Deviation

Modified Lunge

Std. Error

11.157

Skewness

-.591

.687

Kurtosis

-.876

1.334

Mean

64.10

2.710

Std. Deviation

8.569

Skewness

-.123

.687

Kurtosis

-1.370

1.334

65.50

3.981

Mean
Std. Deviation

12.590

Skewness

1.270

.687

Kurtosis

2.114

1.334
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Assumptions Tests
Tests of Normality
Shapiro-Wilk
Group
Pre-Test ROM

Post-Test ROM

Statistic

df

Sig.

Control

.918

10

.344

Figure 4

.944

10

.595

Modified Lunge

.930

10

.450

Control

.932

10

.468

Figure 4

.928

10

.426

Modified Lunge

.902

10

.229

Test of Homogeneity of Variance
Levene Statistic

df1

df2

Sig.

Pre-Test ROM

Based on Mean

.257

2

27

.775

Post-Test ROM

Based on Mean

.524

2

27

.598
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Mixed Model ANOVA
Tests of Within-Subjects Effects
Measure:MEASURE_1
Type III
Sum of
Source
Time

Squares
Sphericity

Mean
df

Square

205.350

1

4.900

2

2.450

167.250

27

6.194

F

205.350 33.151

Sig.

Partial Eta

Noncent.

Observed

Squared

Parameter

Powera

.000

.551

33.151

1.000

.677

.028

.791

.107

Assumed
Time *

Sphericity

Group

Assumed

Error(Tim Sphericity
e)

.396

Assumed

a. Computed using alpha = .05

Tests of Between-Subjects Effects
Measure:MEASURE_1
Transformed Variable:Average
Type III
Sum of
Source
Group
Error

Squares

df

Mean Square

81.433

2

40.717

6510.050

27

241.113

F

Sig.

.169

.846

a. Computed using alpha = .05
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Partial Eta

Noncent.

Observed

Squared

Parameter

Powera

.012

.338

.073

t-Tests
Paired Samples Test
Paired Differences
95% Confidence

Group
Control

Mean
Pair Pre-Test ROM 1

Figure 4

Interval of the

Std.

Error

Difference

Deviation

Mean

Lower

Sig. (2-

Upper

t

df

tailed)

-2.900

2.378

.752

-4.601

-1.199

-3.856

9

.004

-4.000

4.346

1.374

-7.109

-.891

-2.910

9

.017

-4.200

3.553

1.123

-6.742

-1.658

-3.738

9

.005

Post-Test ROM

Pair Pre-Test ROM 1

Std.

Post-Test ROM

Modified

Pair Pre-Test ROM -

Lunge

1

Post-Test ROM
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One Way ANOVA

ANOVA
Sum of Squares
Pre-Test ROM

Post-Test ROM

Between Groups

df

Mean Square

59.467

2

29.733

Within Groups

3469.500

27

128.500

Total

3528.967

29

26.867

2

13.433

Within Groups

3207.800

27

118.807

Total

3234.667

29

Between Groups

85

F

Sig.
.231

.795

.113

.894
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